is a new negative regulator for MMP-9 production and RECS1 KO mice (older than 14 months) are also prone to aortic dilation.
Methods

Histology and Immunohistochemistry
RECS1 KO mice and anti-mRECS1 polyclonal antibody were generated as described. 13 Mice were housed under a 12/12 h day/night cycle at a temperature of 25°C and fed a standard diet. Young (2-5 months) and old (14-24 months) male mice were used for the experiments (>98% and >87.5% C57Bl/6 background, respectively). All experiments complied with the Guidelines on Animal Experiments of Osaka University. Mice were killed by cervical dislocation and descending thoracic aortas (together with surrounding tissues) were harvested carefully. Isolated aortas were then directly embedded in Tissue-Tek OCT compound to generate frozen cross-sections (10-12 m), or fixed with 4% paraformaldehyde to generate paraffin-embedded cross-sections (5 m). The sections were subjected to Elastic Van Gieson (EVG) and Alcian Blue/Periodic Acid Schiff (AB/PAS) staining. Immunostaining was performed using frozen cross-sections. The primary antibodies used were the anti-MMP-9 (M 9555, Sigma, 1:200) and anti-mRECS1 (1:100) polyclonal antibodies, anti-Mac3 (550292, Pharmingen, 1:50 for tissue macropahges) and anti-CD3e (01018A, Pharmngen, 1:100 for T lymphocytes) monoclonal antibodies. The secondary antibodies used were: Alexa Fluor 594 goat anti-rabbit IgG (A11012, molecular probes, 1:50), biotinylated mouse anti-rat IgG1/2a (550325, Pharmingen, 1:100), and horseradish peroxidase (HRP)-conjugated mouse anti-Hamster IgG (554012, Pharmingen, 1:100). RECS1 and other signals were detected by the DakoCytomation LSAB + System-HRP kit (K0679, DAKO) except for MMP-9. Nuclei were stained by 4'-6-diamidino-2-phenylindole (DAPI).
The internal circumference of thoracic aorta (ICTA) was measured at a point that is ≈5 mm anterior of the diaphragm and was done by Image-Pro Plus ver 5.1 software from 12 m frozen cross-sections stained with AB/PAS and is expressed as m.
Isolation of Mouse Aortic SMC (mASMC)
Cells were grown at 37°C in a humidified atmosphere of 5% CO2 in air with medium change every 4-5 days. mASMC were isolated by a modified explant method. 16 The 2-month-old male mice (n=4-6 /group) were killed by cervical dislocation. Descending thoracic aorta were cut above the diaphragm, blood was pushed out by injection of 2-3 ml sterile phosphate-buffered saline (PBS(-)) into the left ventricle, and the aorta was then dissected from the surrounding tissues, cut longitudinally and placed in ice-cold Dulbecco's modified Eagle's medium (DMEM) containing 100 U/ml penicillin and 100 g/ml streptomycin. Isolated aortas were incubated in trypsin/ethylenediaminetetraacetic acid (EDTA) solution at room temperature for 10 min with gentle agitation. Endothelial or adventitial cells were then removed by rough pipetting in growth medium and washed. The aortas were then cut into 1-3 mm pieces and cultured (SmGM-2 Bullet-kit, Clonetics) for 2 weeks. After one passage, the cells were cultured for another 1-2 weeks. The cell type was confirmed by positive staining with anti--smooth muscle actin antibody (clone IA4, Sigma).
Plasma Isolation
Male mice were fasted for 16 h, anaesthetized, and heparinized by an intraperitoneal injection of pentobarbital sodium (20 g/g body weight) containing heparin sodium (1 unit/g body weight). The thoracic cavity was then opened and blood was obtained by right ventricle puncture with 26 G×1/2 needle and 1 ml syringe. The blood was centrifuged immediately at 2,000 G (4°C, 5 min). The plasma was collected and then stored at -80°C.
Western Blot Analysis, Gelatin Zymography, and In Situ Zymography (ISZ)
The protein concentration was determined by Bio-Rad protein assay (Bio-Rad Laboratories).
Gelatin zymography was performed with aortic tissue samples, cell samples, or plasma samples. These samples were obtained as follows. First, mice were killed by cervical dislocation, descending thoracic aortas were rapidly dissected from the surrounding tissues and the blood cells were slightly pushed out onto clean tissue paper and aortas were frozen and stored in liquid nitrogen. Pooled aortas (4 mice/genotype for each independent experiment) were homogenized on ice in 1 ml ice-cold TNC buffer (50 mmol/L Tris-HCl pH 7.5, 150 mmol/L NaCl, 10 mmol/L CaCl2, 0.02% NaN3, 0.05% Brij35) with a mortar and pestle, after which the 10,000 G supernatant (4°C, 5 min) was collected. To obtain the cell samples, 2-3×10 5 mASMC were plated on 35 mm dishes, incubated overnight, washed with PBS (-), and incubated for 20-24 h with 0.8 ml DMEM (D 5796, Sigma) containing 1% fetal bovine serum and antibiotics. Conditioned medium was then collected and the cells were lysed in 500 l ice-cold TNC buffer. Samples as well as plasma (6 mice/genotype) were mixed with 2× non-reducing sodium dodecylsulfate (SDS) sample buffer (0.25 mol/L Tris-HCl pH 6.8, 20% glycerol, 2% SDS, 0.05% bromphenol blue) without boiling. Tissue samples (10 g), cell samples (25 l), or 80× plasma samples (10 l) were subjected to gelatin zymography as described. 17 In brief, samples were separated by 10% SDS-polyacrilamide gel electrophoresis containing 1 mg/ml porcine skin gelatin (G1890, Sigma) with running buffer (25 mmol/L Tris-HCl pH 8.3, 0.25 mol/L glycine, 0.1% SDS) under constant voltage (120 V). Gels were incubated with renaturing buffer (2.5% TritonX-100) for 30 min at room temperature with gentle agitation and buffer replacing every 10 min. The gels were then incubated with incubation buffer (50 mmol/L Tris-HCl, pH 7.6, 10 mmol/L CaCl2, 50 mmol/L NaCl, 0.05% Brij35) for 30 min at room temperature with gentle agitation, and were finally immersed in incubation buffer for 14-16 h at 37°C. The gels were stained with Coomassie Blue R-250 for 30 min and destained, gelatinases were detected as clear bands against a dark blue background.
For western blot analysis, samples in TNC buffer (described above) were mixed with 4× SDS sample buffer, boiled, separated by electrophoresis, and incubated with the polyclonal anti-MMP-9 antibody (M 9555, Sigma) as primary antibody. ISZ was performed as described. 18 Briefly, 10 m frozen sections were incubated in 100-200 l developing buffer (0.1 mg/ml gelatin-Oregon green, 50 mmol/L Tris-HCl pH 7.5, 200 mmol/L NaCl, 5 mmol/L CaCl2, 1 mmol/L phenyl methyl sulphonyl fluoride (PMSF), 0.2% Brij 35) at 37°C for 3 h (dark and humid) (adjacent sections were incubated in developing buffer containing 50 mmol/L EDTA pH 7.5 . Pro-MMP-9, pro-MMP-2, active-MMP-2 were detected. However, active-MMP-9 was under the limit of detection. The gel photo shown is from one of 5 independent experiments, each using pooled aortas from 4 mice/genotype. (B) Western blot of descending thoracic aortic tissues with the anti-MMP-9 antibody (10 g/lane). Both pro-MMP-9 and active-MMP-9 were detectable. The gel photo shown is from 1 of 4-6 independent experiments using the same samples used in the gelatin zymography shown in (A). The middle and lower gel photos are from separate films exposed for different times so that the band intensities can be measured accurately by densitometry. (C) Optical density values from (A) and (B). *p<0.05; † p<0.01; # p<0.001. WT, wild-type.
as a control). The presence of PMSF in the developing buffer blocks serine and cysteine proteases, while the presence of EDTA in the developing buffer blocks MMP. The sections were then washed 3 times with distilled water, and gelatinase activity was detected as green fluorescence by using the OLYMPUS BX51 system.
Statistical Analysis
Optical densities were measured by Image-Pro Plus ver 5.1 software. Data were expressed as means ± SD and analyzed by ANOVA and Bonferroni-type multiple t-test. A p-value of <0.05 was considered to indicate statistical significance.
Results
RECS1-Deficient Mice are Prone to Aortic Dilation
We evaluated the expression of mRECS1 protein by immunostaining of frozen aortic cross-sections from 17-month-old to 18-month-old wild-type (WT) mice using anti-mRECS1 polyclonal antibody ( Fig 1A) . The mRECS1 protein is expressed throughout the aortic wall but occurs at particularly high densities in the intima and inner medial zone. As expected, the KO mice did not express RECS1 in the aorta (Fig 1A) . We have reported that RECS1 KO mice (older than 14 months) are prone to CMD, 13 as judged by AB/PAS staining, which indicates acidic mucopolysaccharide deposition. The observed CMD lesions were not associated with inflammatory infiltration as judged by hematoxylin-eosin staining, anti-T lymphocyte, and anti-tissue macrophage immunostaining using anti-CD3e and antiMac3 antibodies (data not shown). 13 In the CMD regions, although there was no obvious elastic fragmentation as judged by EVG staining, which is necessary for inflammatory cell infiltration, the elastic laminae had lost their sinuous pattern and appeared straight (Fig 1B) .
Since CMD seems to be linked to the cause of aortic aneurysms, [9] [10] [11] [12] 14 we measured the ICTA at a point ≈5 mm anterior of the diaphragm. The ICTA of the aged (15-17 months) KO mice was greater than that of similarly aged WT mice (2,933.8±524.6 m vs 2,412.6±261.6 m, p=0.02) (Fig 1C) . However, there were no statistically significant differences in the ICTA of young (4-5 months) WT and KO mice (2,230.1±151.6 m vs 2,289.9±187.9 m) (Fig 1C) . In addition, the ICTA of the aged KO mice was greater than that of young KO mice (p<0.01). However, there were no statistically significant differences in the ICTA of young and old WT mice (p=0.09).
RECS1-Deficient Mice Have Altered Levels of MMP-2 and MMP-9 in Their Aortic Tissues
As gelatinases contribute to CMD and aortic aneurysms, [1] [2] [3] [4] [5] [6] 14 we examined their levels in the descending thoracic aortas of young (3 months) and old (16-17 months) WT and KO mice (referred to as YWT, YKO, OWT, and OKO) by gelatin zymography and Western blot analysis (Figs 2A-C) . Two main observations were made about aortic MMP-9 levels. First, the aging of both the WT and KO mice downregulated their pro-MMP-9 levels on the one hand (YWT:YKO:OWT:OKO =1.00:4.13:0.53:1.83, p<0.001), but upregulated their active-MMP-9 levels on the other (YWT:YKO:OWT:OKO =1.00:1.79:1.64:3.84, p<0.01 or 0.001). Second, the lack of RECS1 elevated the pro-MMP-9 and active-MMP-9 levels in both the young and old KO mice compared with the WT mice at the same respective ages. The OKO mice had the highest active-MMP-9 levels of the 4 groups.
As observed for active-MMP-9, active-MMP-2 levels were upregulated by aging in both WT and KO mice, and the loss of RECS1 elevated the active-MMP-2 levels even further in old mice (YWT:YKO:OWT:OKO =1.00:0.83: 1.31:1.70, p<0.05 or 0.01). However, unlike what is observed for active-MMP-9, the YKO mice had lower active-MMP-2 levels than YWT mice. Pro-MMP-2 levels were downregulated by aging in both KO and WT mice (like what is observed for MMP-9). Although its levels in the YKO mice were lower than those in YWT mice, it was higher in the OKO mice than that in OWT mice (YWT: YKO:OWT:OKO =1.00:0.90:0.77:0.84, p<0.01 or 0.001) (Figs 2A-C) .
In addition, we also confirmed that the gelatinolytic activity in the aortas increases in WT mice during aging by ISZ. Descending thoracic aortas derived from 3-month, 11-month, and 17-month-old WT mice were subjected to ISZ (Fig 3) . The 11-month-old to 17-month-old WT mice clearly had higher gelatinolytic activity in the space between the elastic laminae than the 3-month-old WT mice. This is consistent with the age-related increased levels of active-MMP- In situ zymography (ISZ) of thoracic aorta. Thoracic aorta were isolated from 3-month-old, 11-month-old, and 17-month-old wild-type (WT) and 17-month-old knockout (KO) mice. Frozen crosssections (10 m) from the middle portion of the descending thoracic aorta were subjected to ISZ. Shown are representative photos from 4 mice/group. Gelatinolytic activity and elastic laminae were detected as green fluorescence by using the OLYMPUS BX51 system (righthand panels). The lefthand panels show the EDTA controls, where gelatinolytic activity in adjacent sections is blocked by adding EDTA to the developing buffer. All mice had backgrounds that were >98% C57Bl/6. Scale bar =200 m, except for the insets, which has a scale bar =100 m.
9 and active-MMP-2 in WT aortas observed in Fig 2A and B. As expected, we found that 17-month-old KO mice had higher gelatinolytic activity than similarly aged WT mice on the same background (>98% C57Bl/6).
RECS1-Deficient Mice Have Altered Levels of MMP-2 and MMP-9 in Their Plasma
We also evaluated plasma gelatinase levels of young (3 months) and old (16-17 months) WT and KO mice by gelatin zymography. The NGAL-MMP-9 (neutrophil gelatinaseassociated lipocalin/MMP-9 complex), active-MMP-9 and pro-MMP-2 levels were detectable (Figs 4A,B) . Two main observations were made about plasma MMP-9 levels, which were similar to that observed for aortic MMP-9 levels. First, the aging of both the WT and KO mice downregulated their NGAL-MMP-9 levels on the one hand (YWT:YKO:OWT:OKO =1.00:1.35:0.54:0.60), but upregulated their active-MMP-9 levels on the other (YWT: YKO:OWT:OKO =1.00:1.17:1.40:1.58) (p<0.05, 0.01 or 0.001). Second, the lack of RECS1 elevated the NGAL-MMP-9 and active-MMP-9 levels in both the young and old KO mice compared with the WT mice at the same respective ages. The OKO mice had the highest active-MMP-9 levels of the 4 groups.
Plasma pro-MMP-2 levels were detectable by gelatin zymography. Similar observations were made as that observed for aortic pro-MMP-2. Plasma pro-MMP-2 levels were downregulated by aging in both KO and WT mice. Although its levels in the YKO mice were lower than those in YWT mice, it was higher in the OKO mice than that in OWT mice (YWT:YKO:OWT:OKO =1.00:0.86:0.52:0.62, p<0.01 or 0.001) (Figs 4A,B) .
Spatial Pattern Analysis of Gelatinolytic Activity, MMP-9 Expression, and CMD
We analyzed frozen cross-sections of the descending thoracic aortas from old mice (23-month-old to 24-monthold) for gelatinolytic activity, MMP-9 protein levels, and acidic mucopolysaccharide deposition. The aortic media of the OKO mice showed higher MMP-9 protein levels and gelatinolytic activity than the OWT aortic media ( Figs 5A,B,6A) . Similarly, the aortic media of the OKO mice showed more intense AB staining than the equivalent area of the OWT aortas ( Figs 5A,6A) . The immunostaining of MMP-9 (as detected by an antibody that recognizes both pro-and active-MMP-9) was particularly strong inside the large CMD foci in the aortic media of OKO mice, although the in situ zymographic signals revealing the location of active-gelatinases were pronounced around (but not within) these foci (Fig 6B) . DAPI nucleic acid staining showed the loss of SMC in the large CMD foci (Fig 6B) .
As antibody for the detection of murine MMP-2 was not available for us, we did not investigate MMP-2 levels by immunostaining.
Isolated mASMC From RECS1 KO Mice Produce Excessive MMP-9
When we isolated mASMC from 2-month-old KO and WT mice and analyzed their MMP-2 and MMP-9 mRNA levels by real-time polymerase chain reaction, we found (Fig 7A and  data not shown) . However, gelatin zymography of the same cells revealed that the RECS1-/-cells had significantly higher pro-MMP-9 and active-MMP-9 levels than the RECS1+/+ cells, but MMP-2 protein levels were equivalent in these cells (Fig 7B) .
Discussion
In our study we have shown that RECS1 negatively regulates aortic MMP-9 production. The isolated RECS1-/-mASMC elaborated more abundant MMP-9 relative to RECS1+/+ mASMC without alteration in mRNA level. This suggests RECS1 in SMC inhibits MMP-9 production at post-transcriptional level. We have reported that RECS1 is a membrane protein which is located in endosomal/ lysosomal compartments. 13 With regard to the role of endosomes/lysosomes in the post-transcriptional control of MMP-9 production, Baram et al have shown that pro-MMP-9 might be transported to both lysosomes/endosomes and secretory granule compartments in the human mast cell line HMC-1. 19 These observations together suggest that the level of synthesized MMP-9 protein is negatively controlled by lysosomes/endosomes, and that RECS1 probably plays an important role in this process. It is intriguing to further investigate if RECS1 directly targets MMP-9 to lysosomes/endosomes for degradation.
In the current study, we showed that aged RECS1 KO mice are prone to aortic dilation as well as CMD. We found that spreading of mucoid deposition corresponds to enhanced gelatinase activity, thus supporting the hypothesis first proposed by Segura et al. 14 In particular, CMD and aortic aneurysms which characterize Marfan's syndrome can both arise because upregulated levels of MMP produced by aortic resident cells progressively destroy the aortic connective tissue. Our study expanded its relevance from Marfan's syndrome to other disorders. This hypothesis might also explain why abnormally dilated aortas display quantitative but not qualitative differences in CMD when compared with normal aging aortas, 10,11 since it suggests both CMD and aortic dilation are consequences of the progressive MMP-mediated destruction of connective tissue, or consequences of other undefined mechanisms. It is undoubtedly speculated that RECS1 is an upstream molecule that protects against CMD and aortic dilation. A particularly interesting finding is that although large CMD regions were surrounded by intense gelatinolytic activity indicating the presence of active-MMP, the foci themselves, which lack cells, co-localized with immunostaining for MMP-9. Because the large CMD foci have high MMP-9 protein levels contradicts the previous study that failed to detect any MMP immunoreactivity in the CMD region in human aorta. 14 However, the latter study investigated larger foci than those in our study; it is possible that the MMP in large CMD regions ultimately become degraded by an as yet unknown mechanism. On the basis of these observations, we propose that the CMD in the aged RECS1 KO mice is due to excessive MMP secretion by medial SMC into the extracellular space, where the MMP degrade extracellular matrix (ECM) and induce mucoid deposition. The MMP-9 protein thus co-localizes with the mucoid degeneration. As the CMD lesions grow larger, the activators either become unable to diffuse further into the lesions or the internal environment of the lesions prohibits the activation of MMP-9 (or blocks it from fulfilling its degrading function). As a result, large foci are surrounded by gelatinolytic activity while co-localizing with MMP-9 immunoreactivity. A limitation of our study is that of all the MMP that are expressed in the aorta, we only investigated MMP-2 and MMP-9 levels. Further studies will be required to define the collaborative roles that other MMP and tissue inhibitors of MMP (TIMP) play in the development of the CMD lesions and aortic dilation seen in the RECS1-/-aorta. To our knowledge, this study and our previous publication 13 are the first reports of CMD in mice species. Aortas of aged TIMP KO mice probably display similar abnormalities to this study since they are involved in the regulation of MMP.
An important concept that MMP-2 and MMP-9 cooperate in generating aneurysms has been reported in the murine CaCl2-induced aneurysm model by Longo et al, which involves inflammatory infiltration. 20 They reported Aging is associated with an upregulation of active-MMP-2 and active-MMP-9 levels. Lack of RECS1 causes excessive production of MMP-9; there is also an enhanced production and/or activation of MMP-2 that is probably as a result of the altered MMP-9 concentrations in aged knockout (KO) mice. In aged KO mice, although excessive gelatinase activities contribute to the extracellular matrix (ECM) degradation and probably induce unfavorable deposition such as CMD thus results in aortic dilation, other underlining molecular mechanisms still need to be defined. This study suggests that the mechanical stress responsive gene, RECS1, plays protective roles in vascular remodeling. Dotted lines: possible or undefined mechanisms. WT, wild-type.
that mesenchymal cell-derived MMP-2 and infiltrated macrophage-derived MMP-9 collaborate to generate AAA. However, they found that MMP-2 is essential for AAA formation, indicating that MMP-9 cannot induce local injury in the absence of MMP-2. The unique finding of our study is that aged RECS1 KO mice display spontaneous thoracic aortic dilation in the absence of inflammatory infiltration. Our study suggests MMP-2 and MMP-9 derived from aortic resident cells might collaborate in generating spontaneous aortic dilation. Plotting of the aortic expression levels of active-MMP-2 and active-MMP-9 against the ICTA data (Fig 8A) yielded important clues about the relative roles MMP-2 and MMP-9 play in spontaneous thoracic aortic dilation. First, the aortic dilation is more likely to be determined by aortic active-MMP-2 levels than by active-MMP-9 as shown by the following observations. (i) In the aged mice, the increased ICTA in the KO mice compared with the WT mice were more exactly paralleled by the moderate increases in aortic active-MMP-2 levels than by the massively upregulated active-MMP-9 levels; and (ii) in contrast, in the young mice, the ICTA of the KO and WT mice were equivalent and this was accompanied with a downregulation in aortic active-MMP-2 levels in the KO mice that contrasted with a marked increase in active-MMP-9 levels. Second, sustained high levels of aortic active-MMP-9 probably induce MMP-2 production and/or activation (which probably occurs to other proteinases as well) since the aortic MMP-9 levels in the KO mice increased earlier than the aortic MMP-2 levels. Thus, the increased MMP-9 appears to contribute indirectly to initiating spontaneous thoracic aortic dilation (before overt elastic destruction and inflammatory infiltration occur) by inducing the production and/or activation of aortic MMP-2 in aged KO mice. The downregulation of aortic MMP-2 levels in young RECS1 KO mice might be because of a mechanism to compensate for the increased active-MMP-9 levels. This mechanism becomes overturned by age, and the details of this compensatory regulatory mechanism and how sustained elevated MMP-9 activity induces production and/or activation of aortic MMP-2 is unclear. One possibility is that excessive MMP-9 in addition to its age-related activation induces ECM destruction, thus changes the microenviroment for medial cells, which in turn alters the signal transduction between ECM and these cells, 21 and ultimately affects the production and/or activation of MMP-2 by these cells (which probably occurs to other proteinases as well). In other words, RECS1 does not directly affect MMP-2 levels. This is supported by the fact that MMP-2 mRNA and protein levels did not differ between cultured RECS1+/+ and RECS1-/-mASMC. Targeting MMP-9 might be more important than MMP-2 for preventing the initiation and early stage expansion of aortic aneurysms, since this study suggested MMP-9 increases prior to MMP-2. Generating RECS1/MMP-9 and RECS1/MMP-2 double KO mice might help us to further elucidate how gelatinases interact to initiate aortic dilation.
Our in vivo observations that age downregulates aortic gelatinase production in mice supports an in vitro study by Moon et al. 22 They showed that cultured aortic SMC from 16-month-old mice show decreased protein production of MMP-2 and MMP-9 compared with SMC from 4-monthold mice. Previous evidence suggests that aging acts as an independent factor for CMD and aneurysms, 9,10 our observations suggest that the underlying mechanisms involve the age-related activation of gelatinases. However, significant differences in the ICTA of 4-5-month-old and 15-17-month-old WT mice were not found, despite MMP-2 and MMP-9 activities increased in the later. This suggests that: (i) the underlying mechanism that aging acts as a risk factor for CMD and aneurysms does not only involve age-related gelatinase activation; and (ii) the observed CMD and aortic dilation in aged RECS1 KO mice are not merely attributed to the elevated gelatinase activities.
Some studies have been performed to evaluate the validity using plasma or serum gelatinase levels to predict aortic aneurysms. 23, 24 However, these studies revealed contradictory conclusions. The present study showed that aging increases plasma active-MMP-9 level, but decreases the plasma pro-MMP-2 and NGAL-MMP-9 levels (Fig 8B) . We think the opposite effects of aging on plasma activeform and pro-form (NGAL-MMP-9 for plasma MMP-9) levels of gelatinases accounts for the contradiction, because those studies adopted enzyme-linked immunosorbent assay, in which the antibodies are insufficient to distinguish different forms of MMP-2 or MMP-9.
That aged RECS1 KO mice display descending thoracic aortic dilation without overt elastic destruction or inflammatory infiltration is unusual. We found that the elastic laminae (particularly in severe CMD regions) were stretched and had lost their sinuous pattern. This supports the notion forwarded by some investigators that elastin fragmentation is posterior to SMC loss or mucoid depostion. 9 In addition to weakening the wall structure because of ECM degradation, accumulation of massive pathological ground substances in the media might not only decrease the mechanical strength of the wall, but also stretch the elastic laminae thus contribute to outward geometrical wall expansion (Fig 8C) . The initiation stage of spontaneous aneurysms might be a non-inflammatory outward remodeling process characterized by CMD, stretched elastic laminae, and aortic resident cell derived ECM degradation. Efforts are thus needed to understand how to reduce such unfavorable deposition as well as to inhibit ECM degradation.
Conclusions
RECS1 acts as a new negative regulator of MMP-9 production and knocking out RECS1 in aged mice induces susceptibility to aortic dilation and CMD. This study suggests that RECS1 is an upstream mechanical stress signaling molecule that protects against aortic media destruction and mucoid deposition (Fig 8C) . Enhancing RECS1 expression is probably beneficial in the prevention and treatment of aneurysms.
